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METHOD 5ND COMPOSITIONS FOR THE SYNTHESIS OF BIH-189 

AND RELATED COMPOUNDS 



TECHNICAL FIELD 

5 

2ie present invention relates to methods and 
compos iti(as for preparing antiviral nucleoside aialogs, 
particulaTly BCH-189 (2 ' , 3 ' -dideoxy-3 ' -thia-cytidiae) . 
More partisailarly , the invention relates to the sdective 
10 synthesis af the 6-isomer of BCH-189 and related compounds 
as well as the selective synthesis of enantiomericaflly- 
enriched aH-189 and related compounds. 

BACKGROUND ART 

15 Si 1981, documentation began on the disase that 

became Icnam as Acquired Immune Deficiency SyndroBs 
(AIDS) , as well as its forerunner AIDS Related Coierlex 
(ARC). IaL983, the cause of the disease AIDS was 
establishci as a virus named the Human Immunodeficiency 

20 Virus type 1. (HIV-1) . Usually, a person infected «Lth the 
virus will erventually develop AIDS; in all known cases of 
AIDS the fiial outcome has always been death. 



Qie disease AIDS is the end result of anHIV-l 

2 5 virus fol3awlng its own complex life cycle. The ^rion 

life cyclehegins with the virion attaching itself to the 
host human T-4 lymphocyte immune cell through the bonding 
of a glyctgrotein on the surface of • the virion's 
protective coat with the CD4 glycoprotein on the 
30 lymphocyte cell. Once attached, the virion sheds its 
glycoprotmi coat, penetrates into the membrane of th.e 
host cell, and uncoats its RNA. The virion enzyn^, 
reverse tanscriptase, directs the process of trascribing 
the RNA itiSo single stranded DNA. The viral RNA 25/ 

3 5 degraded asd a second DNA strand is created. The nnw 

double-stmtded DNA is integrated into the human lail's 
genes andSiiose genes are used for cell reproductim-. 
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At this point, the human cell carries ant its 
reproductive process by using its own RNA polymemse to 
transcrfee the integrated DNA into viral RNA. Tte viral 
RNA is translated into glycoproteins, structural proteins , 
5 and vir^ enzymes, which assemble with the viral BKA 
intact- When the host cell finishes the reprodudbive 
step, a sew virion cell, not a T-4 lymphocyte, bids forth. 
The numhET of HIV-1 virus cells thus grows while the 
nimber <£ T-4 lymphocytes decline. 

10 

The typical human immune system responaa^, 
killing aie invading virion, is taxed because a Ixrqe 
portion af the virion's life cycle is spent in a latent 
state wiSiin the immune cell. In addition, viral reverse 
15 transcr^tase, the enzyme used in making a new varion 
cell, is not very specific, and causes transcription 
mistakes that result in continually changed glyct^aroteins 
on the arface of the viral protective coat. This lack of 
specificity decreases the immune system's effectneness 

2 0 because attibodies specifically produced against one 

glycoprcfiein may be useless against another, henot 
reducing the number of antibodies availsUale to figjtit the 
virus. 3te virus continues to grow while the -jTHMi^a 
response system continues to weaken. Eventually, the HIV 
25 largely iolds free reign over the body's immune qstem, 
allowing opportunistic infections to set in and erairing 
that, wimout the administration of antiviral ag«fcs 
and/or imunomodulators , death will result. 

30 There are three critical points in the «Lrus's 

life cycfe which have been identified as targets Sit 
antiviral drugs: (i) the initial attachment of the virion 
to the T-4 lymphocyte, or macrophage, site, (2) tie 
transcri^on of viral RNA to viral DNA, and (3) fee 

3 5 assembla^s of the new virion cell during reprodudian. 
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Inhibition of the virus at Sie second critical 
point, the viral RNA to viral DNA traKcription process, 
has provided the bulk of the therapi^ used in treating 
AIDS . This transcription must occur fer the virion to 
5 reproduce because the virion's genes zre encoded in RNA; 
the host cell reads only DNA. By intsaducing drugs that 
block the reverse transcriptase from completing the 
formation of viral DNA, HIV-1 replicaSian can be stopped. 

10 Nucleoside analogs, such as 3 '-azido-B • - 

deoxythymidine (AZT) , 2 * , 3 ' -dideoxycytidine (DOC), 2',3'- 
dideoxythymidinene (D4T) , 2 • , 3 » -dideo^inosine (DDI), and 
various f luoro-derivatives of these racleosides are 
relatively effective in halting HIV r^lication at the 

15 reverse transcriptase stage. Another promising reverse^ 
transcriptase inhibitor is 2 • , 3 ' -dideDcy-3 ' -thia-cytidine 
(BCH-189) , which contains an oxathiolaie ring substituting 
for the sugar moiety in the nucleosi<fe. 

2 0 AZT is a successful anti-H3J drug because it 

sabotages the formation of viral DNA inside the host T-4 
lymphocyte cell. When AZT enters the cell, cellular 
kinases activate AZT by phosphorylatian. to AZT 
triphosphate. AZT triphosphate then aompetes with natural 

2 5 thymidine nucleosides for the receptoE: site of HIV reverse 

transcriptase enzyme. The natural nucleoside possesses 
two reactive ends, the first for attashment to the 
previous nucleoside and the second fcr linking to the next 
nucleoside. The AZT molecule has on]w, the first reactive 

3 0 end; once inside the HIV enzyme site, the AZT azide group 

terminates viral DNA formation becau^ the azide cannot 
make the 3 * , 5 ' -phosphodiester with tte ribose moiety of 
the following nucleoside. 



35 



AZT*s clinical benefits incSiide increased 
longevity, reduced frequency and seveslty of opportunistic 
infections, and increased peripheral aD4 lymphocyte count. 
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Immunostrfaent assays for viral p2 4, an antiget used to 
track HSr— 1 activity, show a significant decrase with use 
of AZT. However, AZT's benefits must be weired against 
the sevsK. adverse reactions of bone marrow sippression, 
5 nausea, jtyalgia, insomnia, severe headaches, anemia, 

peripheial neuropathy, and seizures. Furtheiaore, these 
adverse side effects occur immediately after treatment 
begins laereas a minimum of six weeks of theiapy is 
necessaa; to realize AZT*s benefits. 

10 

Both DDC and D4T are potent inhibitars of HIV 
replicatEon with activities comparable (D4T) cr superior 
(DDC) ta>AZT. However, both DDC and D4T are innverted to 
their 5" triphosphates less efficiently than 9ieir natural 
15 analogs and are resistent to deaminases and 

phospho^Iases . Clinically, both compounds ais toxic. 
Current:^; DDI is used in conjunction with AZ5 to treat 
AIDS. BnTever, DDI's side effects include sporadic 
pancreat^s and peripheral neuropathy. Initial tests on 

2 0 3 ' -f 1UOI2-2 ' -3 ' -dideoxythymidine show that its ant i- viral 

activity is comparable to that of AZT. 

Recent tests on BCH-18 9 have shown 3iat it 
possesses anti-HIV activity similar to AZT and DDC, but 
25 without -are cell toxicity which causes the d^ilitating 
side ef&cts of AZT and DDC. A sufficient gumtity of 
BCH-189 ^ needed to allow clinical testing aad. treatment 
using tlE drug. 

3 0 The commonly-used chemical approaches for 

synthesiaing nucleosides or nucleoside analogs can be 
classifiai into two broad categories: (1) tho» which 
modify istact nuceosides by altering the carbifiydrate , the 
base, or Both and (2) those which modify carbdiydrates and 
3 5 incorpoGte the base, or its synthetic precursor, at a 
suitable stage in the synthesis. Because BCH-3[S9 
substitutes a sulfur atom for a carbon atom in the 
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carbohydrate ring, the second approach is nsre feasible. 
The 30st important factor in this latter strategy involves 
delirering the base from the 6- face of the carbohydrate 
ring in the glycosylation reaction because anly the 6- 
5 isonsrs exhibit useful biological activity. 

It is well known in the art that the 
steisoselective introduction of bases to tte. anomeric 
centers of carbohydrates can be controlled ay capitalizing 

10 on Qb neighboring group participation of a 2-substituent 
on tSe carbohydrate ring ( Chem. Ber . 114:1224 (1981)). 
Howeaer, BCH-189 and its analogs do not posess a 2- 
substitutent and, therefore, cannot utilize this procedure 
unless additional steps to introduce a funcaional group 

15 that is both directing and disposable are iarorporated 
into the synthesis. These added steps wouM lower the 
oveiffiLl efficiency of the synthesis. 

It is also well known in the art that 
2 0 "coisiderable amounts of the undesired a-nacLeosides are 
alw^ formed during the synthesis of 2 • -deaxy ribosides" 
(Ch^. Ber. 114:1234, 1244 (1981)). Furthemore, this 
reference teaches that the use of simple Fifedel-Craf ts 
cat^'ysts like SnCl^ in nucleoside syntheses produces 

2 5 undesirable emulsions upon the workup of tls reaction 

mixture, generates complex mixtures of the a and 6- 
isoBErs, and leads to stable a-complexes between the SnCl^ 
and rhe more basic silyated heterocycles siEh as silyated 
cytcslne. These complexes lead to longer isaction times, 

3 0 lower yields, and production of the undesiisa unnatural N- 

3-na:leosides, Thus, the prior art teaches the use of 
triiEthysilyl triflate or trimethylsilyl pCTchlorate as a 
cat^yst during the coupling of pyrimidine Sases with a 
cariniiydrate ring to achieve high yields of the 
35 bioJagically active 6-isomers. However, the; use of these 
cat^ysts to synthesize BCH-189 or BCH-189 analogs does 
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not produce the B-isomer preferentially; tnese reactions 
result in approximately a 50:50 ratio of Sie isomers. 



Thus, there exists a need for aa efficient 
5 synthetic route to BCH-189 and its analogs^ There also 

exists a need for a stereoselective synthetic route to the 
biologically active isomer of these compomds, 6-BCH-189 
and related B-analogs. Furthermore, there exists a need 
for a stereoselective synthetic route to mamtiomerically- 
10 enriched 5-BCH-189 because the other enantiamer is 
inactive and, therefore, represents a 50% impurity. 

DISCLOSURE OF INVENTION 

15 The present invention relates t» the discovery 

of a surprisingly efficient synthetic routs to BCH-189 and 
various analogs of BCH-189 from inexpensi*. precursors 
with the option of introducing functionally as needed. 
This synthetic route allows the stereoselective 

20 preparation of the biologically active is«er of these 

compounds, 6-BCH-189 and related compounds. Furthermore, 
the steochemistry at the nucleoside 4 • poation can be 
controlled to produce enantiomerically-enirched B-BCH-189 
and its analogs. 

25 

The term "BCH-189 analogs" is meant to refer to 
nucleosides that are formed from pyrimidine bases 
substituted at the 5 position that are cocgled to 
substituted 1 , 3-oxathiolanes , 

30 

The method of the present invention includes 
ozonizing an allyl ether or ester having ISe formula 
CH2=CH-CH2-OR, in which R is a protecting ^oup, such as an 
alkyl, silyl, or acyl group, to form a gljEsialdehyde 
3 5 having the formula OHC-CH2-OR; adding thiog.ycolic acid to 
the glycoaldehyde to form a lactone of the formula 2-(R- 
oxy) -methyl-5-oxo-l , 3-oxathiolane ; converting the lactone 



1 . 
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to- its corresponding carboxyljfce at the 5 position of the 
oxathiolane ring; coupling tbe acetate with a silyated 
pyriraidine base in the presenne of SnCl^ to form the 6- 
isomer of a 5 » - (R-oxy ) -2 ' , 3 * -fiideoxy-3 * -thia- nucleoside 
5 analog; and replacing the R pEDtecting group with a 
hydrogen to form BCH-189 or m analog of BCH-189. 

The invention can Ik used to produce BCH-189 or 
BCH-18 9 analogs that are enarfeloinerically-enriched at the 

10 4 ' position by selecting an a^ropriate R protecting group 
to allow stereoselective selection by an enzyme. For 
instance, the R protecting gmxip can be chosen such that 
the substituent at the 2 position of the oxathiolane 
lactone is butyryloxy to pemSi stereoselective enzymatic 

15 hydrolysis by pig liver estei^e. The resulting optically 
active hydrolyzed lactone can then be converted to its 
corresponding diacetate and caupled with a silyated 
pyriraidine base as above. 

2 0 Accordingly, one of the objectives of this 

invention is to provide an eEicient method for preparing 
the 6-isomer of BCH-189 and malogs of BCH-189 in high 
yields. Furthermore, it is si objective of this invention 
to provide a synthetic method to produce only one optical 

2 5 isomer, rather than a racemir mixture , of BCH-189 and 

analogs of BCH-189. A further object of this invention is 
to provide a synthetic route to produce 6-BCH-189 that is 
enantiomerically-enriched . 

3 0 Additionally, an ctjective of this invention is 

to provide intermediates froE^rtiich BCH-189 or BCH-189 
analogs can be synthesized oi the formula 2- (R-oxymethyl ) - 
5-acyloxy-l , 3-oxathiolane, wterein R is a protecting 
group, such as alkyl, silyl,mr acyl, and a method of 
3 5 preparing these compounds. I&rthermore, it is an object 
of this invention to provide enantiomerically-enriched 2- 
acetoxymethyl-5-acetoxy-l , 3^cathiolane and 2- 
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butoxyinethyl-5-oxo-l , 3-oxathiolane and letiiods of 
preparing these compounds. 

Another objective of this invation is to 
5 provide intermediates from which BCH-189ar BCH-189 
analogs can be synthesized of the formula: 



10 




wherein R is a protecting group, such asalkyl, silyl, or 
15 acyl, and Y can be hydrogen, methyl, halj^ alkyl, alkenyl, 
alkynyl, hydroxalkyl, carboxalkyl, thioaSfcyl, selenoalkyl, 
phenyl, cycloalkyl, cycloalkenyl , thioar|I, and 
selenoaryl, and methods of preparing thae coumpounds . 

2 0 Furthermore, this invention prnrides 

intermediates from which BCH-189 or BCH-IB9 analogs can be 
synthesized of the formula: 



25 




3 0 wherein R is a protecting group, such asaXkyl, silyl, or 
acyl, and Y can be hydrogen, methyl, hal% alkyl, alkenyl , 
alkynyl, hydroxalkyl, carboxalkyl, thioaXyl, selenoalkyl, 
phenyl, cycloalkyl, cycloalkenyl, thioar^v and 
selenoaryl, and methods of preparing them coumpounds. 

35 
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BRIEF DESCRIPTigg OF THE DRAWINGS 



Figure 1 illustrats one embodiment of a 
synthesis of BCH-189 and BCfHia9 analogs according to the 
5 present inventions- 
Figure 2 illustra'tes one embodiment of the 
synthesis of BCH-189 accordissg to the present invention; 

10 Figure 3 illustratss one embodiment of the 

synthesis of 5-methylcytidiiE and thymidine derivatives of 
BCH-189 according to the present invention; and 

Figure 4 illustratas one embodiment of the 
15 synthesis of enantiomericalifrenriched BCH-189 according 
to the present invention. 



BEST MODE OF CARRYUG OUT THE INVENTION 



2 0 BCH-189 is a corapoEnd of the formula: 



25 




The process of thepresent invention for 
preparing BCH-189 and BCH-IS analogs is set forth in Fig. 
1. An allyl ether or ester E,, is ozonized to give an 

30 aldehyde 2., which reacts wiS. thioglycolic acid to give a 
lactone 3, The lactone 2 is treated with a reducing 
agent, followed by a carbox3^ic anhydride, to produce the 
carboxylate 4. This carbox^te is coupled with a 
silyated pyrimidine base in the presence of a Lewis acid 

35 that can catalyze stereospecific coupling, such as SnClt, 
to yield the 6-isomer of the substituted nucleoside 5. in 
essentially a 100:0 ratio of Qza isomers. The substituted 
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nucleoside 5 is deprotected to produce BCH-189 or BCH-189 
analog 6. 



This procedure can be tailorei to produce BCH- 
5 189 or BCH-189 analogs that are enantiiMerically-enriched 
at the 4 ' position by selecting an appmpriate R 
protecting group to allow stereo selec tare enzymatic 
hydrolysis of 3 by an enzyme such as p% liver esterase, 
porcine pancreatic lipase, or subtilisii or other enzymes 
10 that hydrolyze 3. in a stereoselective feshion. The 
resulting optically active 3 can be conrerted to 
enantiomerically-enriched carboxylate 1 amd coupled with a 
silyated pyrimidine base as above to pinduce 
enantiomerically-enriched BCH-189 or BGE-189 analogs. 

15 

The protecting group R in 1 tan be selected to 
provide protection for the correspondiig alcohol until the 
final step in the synthesis is carried out (deprotection 
of 5 to form 6) . Additionally, the prelecting group can 

20 be selected, if desired, to provide an additional 

recognition site for an enzyme to be used later in an 
enantio-selective hydrolysis reaction- Any group that 
functions in this manner may be used. Ear instance, 
alkyl, silyl, and acyl protecting groups or groups that 

25 possess substantially the same propertias as these groups 
can be used. 



An alkyl protecting group, as used herein, means 
triphenylmethyl or an alkyl group that possesses 
3 0 substantially the same protecting propeSties as 

triphenylmethyl. A silyl protecting grmxp, as used 
herein, means a trialkylsilyl group havSig the formula: 



35 



Hsi-R2 
R3 
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10 



15 



20 



25 



30 



2E 

wherein , R2, and R3 may be iower-alkyl , e.g., methyl, 
ethyl, butyl, and alkyl possasing 5 carbon atoms or less; 
or phenyl. Furthermore, Ri m^ be identical to Rj; Ri , Rj, 
and R3 may all be identical . Examples of silyl protecting 
groups include, but are not iSaited to, trimethylsilyl and 
t-butyldiphenylsilyl . 

An acyl group, as med. herein to describe an 
acyl protecting group (as in i), or to describe a 
carboxylate (as in 4.) , is a group having the formula: 



wherein R* is a lower alkyl, e.g., methyl, ethyl, butyl, 
and alkyl possessing 5 carbo» atoms or less; substituted 
lower alkyl wherein the alkyl bears one, two, or more 
simple sxibstituents, includiig^ but not limited to, amino, 
carboxyl, hydroxy , phenyl , larer-alkoxy , e.g., methoxy and 
ethoxy; phenyl; substituted ^nyl wherein the phenyl 
bears one, two, or more simpi^ substituents , including, 
but not limited to, lower al^l, halo, e.g., chloro and 
bromo, sulfate, sulfonyloxy, carboxyl, carbo-lower-alkoxy , 
e.g. , carbomethoxy and carbefioxy, amino, mono- and di- 
lower alkylamino, e.g. , methgiamino, amido, hydroxy, lower 
alkoxy, e.g., methoxy and etkixy, lower-alkanoyloxy , e.g., 
acetoxy . 

A silyated pyrimidme base, as used herein, 
means a compound having the Sirmula: 





wo 91/11186 



fCT/US9 1/00685^ 



12 

whereir X is either a trialkylsilyloxy or a 
triaD^silylamino group, Z is a trialkylsilyl group, and 
Y is fetJier described below. A trialkylsilyl group , as 
used herein, means a group having the formula: 



I— Si-R2 
R3 

10 

whereiaRt/ and R3 maybe lower-alkyl , e,g., methyl, 

ethyl, batyl, and alkyl possessing 5 carbon atams or less, 
or pheif-L. Furthermore, Ri may be identical taRg; Ri , R2, 
and R3 aay all be identical. Examples of trialbflsilyl 
15 groups include , but are not limited to, trimet^lsilyl and 
t-butyMiphenylsilyl . 



The silyated pyrimidine base may be substituted 
with vsxous Y substituents , including, but net limited 

2 0 to, hytogen, methyl, halo, al)cyl, alkenyl, a31sfnyl, 

hydrox|Klkyl , carboxyalkyl , thioalkyl , selenosfikyl , 
phenyl, cycloalkyl, cycloalkenyl , thioaryl, aoi 
selenoayl, at position 5 of the silyated pyrixidine base 
(Y subffiituent in Fig. 1) to modify the propeiSLes, such 
25 as tramport properties or the rate of metabol&m, of the 
BCH-189 analog. 

Illustrative examples of the synthess of BCH- 
189 oriCE-189 analogs according to the presei* invention 

3 0 are gi^ei in Figs, 2, 3, and 4 and the followijg 

descr ipe±ons . 

Figure 2 shows the synthesis of BCH-X3 starting 
with al35rl alcohol 7. A NaH oil suspension (4.5 g, 60%, 
3 5 110 mmcSl was washed with THF twice (100 ml x ^ and the 

resultijg solid suspended in THF (300 ml) , The suspension 
was cocted to O'C, allyl alcohol 7 (6.8 ml, lc»nmol) was 
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added dropwise, and the mixture was stiired for 3 0 minutes 
at 0*C. t-Butyl-diphenylsilyl chloride fi25. 8 ml, 100.8 
mmol) was added dropwise at 0"C and the reaction mixture 
was stirred for 1 hour at 0*C. The solifiicn was quenched 
5 with water (100 ml) , and extracted with diethyl ether (2 00 
ml X 2) . The combined extracts were waSed with water, 
dried over MgS04, filtered, concentrate^ and the residue 
distilled under vacuum ( 90-100 at 0.5-0,6 mm Hg) to give 
a colorless liquid 8 (28 g. , 94 mmol, 9S)*. (^H NMR: 7.7 0- 
10 7.35 (lOH, m, aromatic-H) ; 5.93 (IH, m, ^) ; 5.37 (IH, dt, 
Hi) J=1.4 and 14.4 Hz; 5.07 (IH, dt, H,) J=1.4 and 8.7 Hz; 
4.21 (2H, m, H3) ; 1.07 (9H, s, t-Bu) ) 

The silyl allyl ether 8 (15.5 5, 52.3 mmol) was 
15 dissolved in CH2CI2 (400 ml), and ozonizai at -78'C. Upon 
completion of ozonolysis, DMS (15 ml, 201 mmol ^ 3.9 eq) 
was added at -78 and the mixture was armed to room 
temperature and stirred overnight. The solution was 
washed with water (100 ml x 2) , dried owr MgS04, filtered, 
20 concentrated, and distilled xinder vacuus (100-110 'C at 

0.5-0,6 mm Hg) to give a colorless liquil £ (15.0 g, 50.3 
mmol, 96%). ('h NMR: 9.74 (IH, s, H-CO)s 7 . 70-7 . 35 (lOH, 
m, aromatic-H); 4.21 (2H, s, -CH2) ; 1.22 (9H, s, t-Bu) ) 

25 Silayted glycoaldehyde 9. (15.#g, 50.3 mmol) was 

dissolved in toluene (200 ml) and thiog^colic acid (3.50 
ml, 50.3 mmol) was added all at once, ffie solution was 
refluxed for 2 hours while the resulting water was removed 
with a Dean-Stark trap. The solution ws cooled to room 

3 0 temperature and washed with saturated NfiCOs solution and 
the aqueous washings were extracted witb diethyl ether 
(2 00 ml X 2). The combined extracts wejB washed with 
water (100 ml x 2) , dried over MgSOi, f iOEtered, and 
concentrated to give a colorless oil i^([l6.5 g, 44-3 

3 5 mmol, 88%) , which gradually solidified mder vacuum. 

Recrystallization from hexane afforded a wtLite solid iO 
(15.8 g, 84%). (^H NMR: 7.72-7.38 (lOH, aromatic-H) ; 
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5.53 (IH, t, H2) J=2.7 Hz; 3.93 (IH, dd, -SEjO) J=9 . 3 Hz ; 
3.81 (IH, d, IH4) J=13.8 Hz; 3.79 (IH, dd, -CH2O) ; 3.58 
(IH, d, IH4) ; 1.02 (9H, s, t-Bu) ) 

5 2- (t-Butyl-diphenylsilyloxy) — me1fiyl-5-oxo-l , 2- 

oxathiolane 10 (5.0 g, 13.42 mmol) was diaolved in 
toluene (150 ml) and the solution was cooled to -78 'C. 
Dibal-H solution (14 ml, 1.0 M in hexanes, 14 mmol) was 
added dropwise, while the inside tempera tiBe was kept 

10 below -70 all the time. After the complfftion of the 

addition, the mixture was stirred for 30 rantes at -78 °C. 
Acetic anhydride (5 ml , 53 mmol) was added and the mixture 
was warmed to room temperature and stirred overnight . 
Water (5 ml) was added to the mixture and the resulting 

15 mixture was stirred for 1 hour at room teiwerature. The 
mixture was diluted with diethyl ether (301 ml), MgS04 (4 0 
g) was added, and the mixture was stirred vigorously for 1 
hour at room temperature . The mixture was filtered , 
concentrated, and the residue flash chromatngraphed with 

20 20% EtOAc in hexanes to give a colorless loquid 11 (3.60 
g, 8.64 mmol, 64%), which was a 6:1 mixtuis of anomers. 
(^H NMR of the major isomer: 7.70-7.3 5 (10^ m, aromatic- 
H) ; 6.63 (IH, d, H5) J=4 . 4 Hz; 5.47 (IH, t, H2) ; 4,20-3.60 
(2H, m, -CH2O) ; 3.27 (IH, dd, IH4) J=4 . 4 aMll.4 Hz; 3.09 

25 (IH, d, IH4) J=11.4 Hz; 2.02 (3H, s, CHsCO^ 1.05 (9H, s, 
t-Bu) ; ^H NMR of the minor isomer: 7. 70-7. S (lOH, m, 
aromatic-H) ; 6.55 (IH, d, H5) J=3 . 9 Hz; 5.I& (IH, t, Hj) ; 
4.20-3.60 (2H, m, -CHjO) ; 3.25 (IH, dd, IHi J=3 . 9 and 11.4 
Hz; 3.11 (IH, d, IH4) J=11.4 Hz; 2.04 (3H, CH3CO) ; 1.04 

30 (9H, s, t-Bu) ) 

2 - (t-Butyl-diphenylsilyloxy) -met^l-5-acetoxy- 
1, 3-oxathiolane 11 (0.28 g, 0.67 mmol) was dissolved in 
1,2-dichloroethane (20 ml), and silylated j^rtosine 12 
35 (0.20 g, 0.78 mmol) was added at once at zasm temperature. 
The mixture was stirred for 10 minutes and to it was added 
SnCl4 solution (0.80 ml, l.O M solution inCH^lj, 0.80 
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mmol) dropwise at room tempeiature. Additional cytosine 
12 (0,10 g, 0.39 mmol) and SiCI^ solution (0.60 ml) were 
added in a same manner 1 hour later- After completion of 
the reaction in 2 hours, the solution was concentrated, 
5 and the residue was triturate* with triethylamine (2 ml) 
and subjected to flash chromafiography (first with neat 
EtOAc and then 2 0% ethanol inEtOAc) to give a tan solid 
11 (100% B configuration) (OJES.g, 0.54 mmol, 80%). (^H 
NMR (DMSO-d*) : 7.75 (IH, d, 1^ J=7.5 Hz; 7.65-7.35 (lOH, 
10 m, aromatic-H) ; 7-21 and 7.14 (2H, broad, -NH2) ; 6,19 (IH, 
t, H5O ; 5-57 (IH, d, H5) ; 5.2 (IH, t, ? 3-97 (IH, 

dd, -CH2O) J=3.9 and 11.1 Hz; 3.87 (IH, dd, -CH2O) ; 3.41 
(IH, dd, IH4O J=4.5 and 11.73z; 3.03 (IH, dd, IH^O J=? ; 
0.97 (9H, s, t-Bu) ) 

15 

Silyether ^ (0.23 0.49 mmol) was dissolved 
in THF (30 ml) , and to it wasadded n-Bu^NF solution (0.50 
ml, 1.0 M solution in THF, O.30 mmol) dropwise at room 
temperature . The mixture was stirred for 1 hour and 

2 0 concentrated under vacuum. See residue was taken up with 

ethanol/ triethylamine (2 ml/1 ml) , and subjected to flash 
chromatography (first with EtSJAc, then 20% ethanol in 
EtOAc) to afford a white solM^H in 100% anomeric purity 
(BCH-189; 0.11 g, 0.48 mmol, 58%), which was further 
25 recrystallized from ethanol/mcis/Hexanes mixture. (^H NMR 
(DMSO-d^) : 7.91 (IH, d, H^) J=5.6 Hz; 7.76 and 7.45 (2H, 
broad, -NHj) ; 6.19 (IH, t, Hgcf; 5.80 (IH, d, H5) J=7 . 6 Hz; 
5.34 (IH, broad, -OH); 5.17 ffE, t, HjO ; 3.74 (2H, m, - 
CH2O) ; 3.42 (IH, dd, IH4O J=5u6 and 11.5 Hz; 3.09 (IH, dd , 

3 0 IH4/) J=4.5 and 11.5 Hz) 

BCH-189 and its ansiogs can also be synthesized 
by coupling a silylated uraciE derivative with 11 . 
Silylated uracil derivative (1.80 g, 7.02 mmol) was 
35 coupled with 13^ (1.72 g, 4.13mmol) in 1, 2-dichloroethane 
(50 ml) in the presence of Sifll<. (5,0 ml) as described 
above in the the preparation af-^ the cytosine derivative 
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13 . The lection was complete after 5 hours. Fliash 
chr omatogi^jtiy , first with 40% EtOAc in hexane aid then 
EtOAc, af&rded a white foam i6 (1.60 g, 3.43 rnrnd,. 83%) . 
(^H NMR: 9-39 (IH, broad, -NH) 7.90 (IH, J=7.9 Hz ; 

5 7.75-7.35 P.QH, m, aromatic-H) ; 6.33 (IH, dd, Hg^^- 5.51 
(IH, d, H5}J=7.9 Hz; 5.23 (IH, t, H2O /' 4.11 (IH, dd, - 
CH2O) J=3.1and 11,7 Hz; 3.93 (IH, dd, -CH2O) ; 3.« (IH, 
dd, IH4O *=5.4 and 12.2 Hz; 3.13 (IH, dd, IH4O J=3.2 and 
12.2 Hz) 

10 

The uracil derivative can be converted: to the 
cytosine dterivative 13.. The uracil derivative lfi (0.20 g, 
0.4 3 mmol) uas dissolved in a mixture of 
pyridine/dfezhloroethane (2 ml/ 10 ml) , cind the soMtion 

15 cooled to i"C. Triflic anhydride (72 /il, 0.43 mail) was 
added dropKLse at 0 " C and the mixture was warmed to room 
temperature and stirred for 1 hour. Additional triflic 
anhydride fa. 50 /il, 0,30 mmol) was added and the Jtixture 
stirred far 1 hour. TLC showed no mobility withStOAc. 

2 0 The reactiax mixture was then decannulated into aBHs- 
saturated «thanol solution (30 ml) and the mixtue was 
stirred far 12 hours at room temperature. The sotution 
was conceifirated, and the residue siabjected to flash 
chromatogi^hy to give a tanned foam (0.18 g, tt.39 

25 mmol, 91%)^ which was identical with the compound obtained 
from the c^osine coupling reaction. 

2Lg. 3 illustrates the synthesis of 5- 
methylcytifijie and thymidine derivatives of BCH-H9- The 

30 acetate 11(0.93 g, 2.23 mmol) in 1 , 2-dichloroethme (50 
ml) , was rmcted with the silylated thymine deri^afcive 17 
(1.0 g, 2, ID mmol), and SnCl4 solution (4.0 ml) ii a manner 
similar to that described for the preparation of ^ftosine 
derivative!!. (^H NMR: 8,10 (IH, broad, NH) ; 7."B-7,30 

35 (IIH, m, IBAromatic H*s and IH^) ; 6.32 (IH, t, H,) J=5.4 
Hz; 5.25 (M, t, H4,) J=4 . 2 Hz; 4.01 (IH, dd, 1H50J=3.9 
and 11.4 Hk^ 3.93 (IH, dd, IH5O J=^4 . 5 and 11.4 He 1.41 
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(IH, aa, IH2O J=5.4 and 11.7 Hz; 3.04 (IH, dd, IfijO J=5 . 7 
and IS-THz; 1.75 (3H, s, CH3) ; 1.07 (9H, s, t^) ) 



The thymine derivative 1^ (0.20 g, OJIZ mmol) 
5 was (fesolved in a mixture of pyridine/ dichloisEthane (2 
ml/lOml) , and the solution cooled to O'C. To it was 
added trif lie anhydride (100 ^1, 0.60 mmol) dnpwise at 
O'C, and the mixture was allowed, with continuais 
stirimg, to warm to room temperature- After naaching 

10 room temperature, it was stirred for 1 hour. SjC showed 
no mcftf 1 ity with EtOAc. The reaction mixture ms then 
decansulated into the NHs-saturated methanol sttution (20 
ml) , and the mixture stirred for 12 hours at roam 
tempaature. The solution was concentrated, aai the 

15 res idle was sxibjected to flash chromatograhy to give a- 

tannei foam i9 (0.18 g, 0.38 mmol, 90%). (^H MR: 7.70- 

7.30 (L12H, m, 10 Aromatic H»s, INH and H^) ; 6.€B (IH, 
broa^ INH); 6.34 (IH, t, Hv) J=4 . 5 Hz; 5.25 (iHv t, H4O 
J=3.6Hz; 4.08 (IH, dd, IH5O J=3 . 6 and 11.4 Hz; 3.96 (IH, 

20 dd, S5O J=3,6 and 11.4 Hz; 3.52 (IH, dd, 1H2,)J=5.4 and 
12.3 Hz; 3.09 (IH, dd, lH2r) J==3.9 emd 12.3 Hz; 1*72 (3H, 
S, ; 1.07 (9H, S, t-Bu) ) 

Silylether ^9 (0.18 g, 0.38 mmol) was^ dissolved 
25 in TW (20 ml), and an n-Bu^NF solution (0.50 ai, 1.0 M 
solution in THF, 0.50 mmol) was added, dropwia> at room 
tempaature. The mixture was stirred for 1 hoEr and 
concatrated under vacuum. The residue was t^en up with 
ethaml/triethylauaine (2 ml/1 ml), and subjectsd to flash 
3 0 chromtography (first with EtOAc, then 2 0% etlsnal in 
EtOAs}; to afford a white solid 20 (0.09 g, 0.3Pmmol, 
97%), which was futher recrystallized from 
ethami/CHCls/Hexanes mixture to afford 82 mg if^ pure 
compand (89%). (^H NMR: (in d*-DMSO) : 7.70 (Sv s, H^) ; 
35 7,48 and 7.10 (2H, broad, NHj) ; 6.19 (IH, t, Hrf. J=6.5 Hz; 

5.31 ®LH, t, OH); 5.16 (IH, t, IH4O J=5 . 4 Hz ; (2H, m. 
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2H5/]; 3.36 (IH, dd, IH2O J=6.5 and 14.0 Hz; 3.05 (IH, dd, 
IH2/) J=6.5 and 14,0 Hz; 1.85 (3H, s, CHj) ) 

Silylether 18 (0.70 g, 1.46 mmol) wasdxssolved 
5 in HF (50 ml), and an n-Bu^NF solution (2 ml, XQ M 
solifcLon in THF, 2 mmol) was added, dropwise, ^ room 
temperature. The mixture was stirred for 1 hoir and 
conoentrated under vacuum. The residue was taten up with 
etharal/triethyl amine (2 ml/1 ml) , and subjectef to flash 

10 chroaatography to afford a white solid ZX (0.33g, 1.35 
mmol, 92%). (^H NMR: (in d*-Acetone) : 9.98 (IH, broad, 
NH);7.76 (IH, d, J=1.2 Hz ; 6.25 (IH, t, H^l J=5 . 7 Hz; 

5.24 (IH, t, H1O J=4.2 Hz; 4.39 (IH, t, OH) J=5uT Hz ; 3.85 
(IH, dd, 2H5,) J=4.2 and 5.7 Hz; 3.41 (IH, dd, 1^0 J=5 . 7 

15 and 12.0 Hz; 3.19 (IH, dd, IH2O J==:5 . 4 and 12 . 0 fe; 1.80 
(3H, s, CH3)) 

Fig. 4 illustrates the synthesis of 
enaifcLomerically-enriched BCH-189 2md its analofs. Allyl 

2 0 butjEate 22. (19.0 g, 148 mmol) was dissolved inCHjClj (4 00 

ml) , and ozonized at -78 'C. Upon completion of 
ozoiirXysis, dimethyl sulfide (20 ml, 270 mmol, 1.8 eq) was 
addfli at -78 'C and the mixture was warmed to rami 
temperature and stirred overnight. The solutioB was 

25 waslBd with water (100 ml x 2) , dried over MgSC^ filtered, 
conoHitrated , and distilled under vacuum (7O-80rc at 0.5- 
O.eamHg) to give a colorless liquid 23. (17.0 131 
mmol. 88%). (^H NMR: 9.59 (IH, s, H-CO) ; 4.66 gH, s, 
-CH^T 2.42 (2H, t, CH2CO) J=7 . 2 Hz; 1-71 (2H, aex, -CHj) ; 

30 0.97 (3H, t, CH3) J=7.2 Hz) (IR (neat): 2990, 2KQ, 2900, 
175G^ X740, 1460, 1420, 1390, 1280, 1190, 1110,1060, 
1020U 990, 880, 800, 760) 

Butyryloxyacet aldehyde 23. (15.0 g, 125 mmol) was 

3 5 diss^ved in toluene (200 ml) and mixed with thiag-lycolic 

acid (8.0 ml, 115 mmol). The solution was ref laced for 5 
houix idiile the resulting water was removed wit* a Dean- 
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Stark trap- The solution was: cooled to room temperature 
and was transferred to a 500 ml separatory funnel. The 
solution was then washed witfe saturated NaHC03 solution. 
These aqueous washing were extracted with diethyl ether 
5 (200 ml X 2) to recuperate a^' crude product from the 
aqueous layer. The ether exSiracts were added to the 
toluene layer and the resultang mixture was washed with 
water (100 ml x 2) , dried over MgS04, filtered, 
concentrated, and distilled aider vacuxim (70-80"C at 0,5- 

10 0.6 mm Hg) to give a colorlM oil 24. (19 g, 93 mmol, 

81%). (^H NMR:.5.65 (IH, dd, ^) J=5 . 0 and 1.4 Hz; 4.35 
(IH, dd, -CHsO) J=3.2 and 12-2 Hz; 4.29 (IH, dd, -CH2O) 
J=5.7 and 12.2 Hz; 3.72 (IH, d, -CHjS) J=16.2 Hz; 3.64 (IH, 
d, -CH2S; 2.34 (2H, t, -CHsCQi J=7.2 Hz; 1.66 (2H, sex, - 

15 CH2) ; 0.95 (3H, t, CH3) J=7.2Hz) (IR (neat): 2980, 2960, 
2900, 1780, 1740, 1460, 1410, 1390, 1350, 1300, 1290, 
1260, 1220, 1170, 1110, 1080„1070, 1000, 950, 910, 830, 
820, 800, 760). 

20 Pig liver esterase solution (90 ^1) was added to 

a buffer solution (pH 7, 100 ml) at room temperature, and 
the mixture stirred vigorous^ for 5 minutes. The 
butyrate 24 (2.8 g, 13.7 mmo^ was added, all at once, to 
the esterase/buf fer solution and the mixture was stirred 

25 vigorously at room temperature for 2 hours. The reaction 
mixture was poured into a s^aratory funnel. The reaction 
flask was washed with ether po ml) and the washing was 
combined with the reaction nocture in the funnel. The 
combined mixture was extractad with hexanes three times 

3 0 (100 ml X 3) • The three hesie extracts were combined and 
dried over MgS04 , filtered, aid concentrated to give the 
optically active butyrate 24C1-12 g, 5.48 mmol, 40%), 
Enantiomeric excess was detesnined by an NMR experiment 
using a Tris [3-heptaf luoropuro'l-liydroxymethylene) - ( + ) - 

3 5 camphorato] europium (III) derivative as a chemical shift 
reagent; this procedure shovad approximately 40% 
enrichment for one enantiomes. The remaining aqueous 
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layer Iram the reaction was subjected to a cmtinuous 
extracaion witli CH2CI2 for 20 hours. The orgniic layer was 
remove* from the extraction apparatus, dried over MgSO^, 
f literal, and concentrated to give an oil (1.24 g) , which 
5 was sham by NMR analysis to consist of predaiinately the 
2-hydrwymethyl-5-oxo-l, 3-oxathiolane 25. wit4 small 
amounts of butyric acid and the butyrate 24.. 

The lactone 25 (0.85 g, 4.16 mmol) was dissolved 
10 in tolKie (30 ml), and the solution cooled Id -78"C. 
Dibal-i solution (9 ml, 1.0 M in hexanes, 9 mal) was 
added aropwise, while the inside temperature iras kept 
below ^a*c throughout the addition. After ^le addition 
was coMleted, the mixture was stirred for 0.5 hours at - 
15 78 •C. acetic anhydride (5 ml, 53 mmol) was Mded and the 
mixtunv with continuous stirring, was allowei- to reach 
room t^erature overnight. Water (5 ml) was added to the 
reactifli mixture and the resultant mixture ws stirred for 
1 hour. MgS04 (40 g) was then added and the fixture was 
20 stirred vigorously for 1 hour at room tempertfeure. The 
mixture was filtered, concentrated, and the »sidue flash 
chromalagraphed with 2 0% EtOAc in hexanes tog-ive a 
colorless liquid 26 (0.41 g, 1.86 mmol, 45%) shich was a 
mixture of anomers at the C-4 position. 

25 

The 2-Acetoxymethyl-5-acetoxy-l, 3-tathiolane 26 
(0.40 5, 1.82 mmol) was dissolved in 1, 2-dicli:aroethane 
(40 ml),, and to it the silylated cytosine 12 ^.70 g, 2.74 
mmol) \B added, all at once, at room temperafcure. The 

3 0 mixture was stirred for 10 minutes, and to it a SnCl^; 

solutioi (3,0 ml, 1.0 M solution in CHsClj, 3ji mmol) was 
added, Jropwise, at room temperature, Additimal SnCl4 
solutioi (1.0 ml) was added after 1 hour- Tim reaction 
was folfiawed by TLC. Upon completion of the aoupling, the 

3 5 soluti<« was concentrated, the residue was ti&urated with 
trieth^amine (2 ml) and subjected to flash (fcomatography 
(first «£th neat EtOAc then 20% ethanol in Eiaac) to give 
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a tan solid 27 (0.42 g, 1.55 ininol,S6%). (^H NMR: 7.73 
(IH, d, H^) J=7.5 Hz; 6.33 (IH, t, H^,) J=4 . 8 Hz; 5.80 (IH, 
d, H5) J=7.5 Hz; 4.52 (IH, dd, IH51J J=5.7 and 12.3 Hz; 
4.37 (IH, dd, IH51) J^3.3 and 12.3 ffisr 3.54 (IH, dd, H2O 
5 J=5.4 and 12.0 Hz; 3.10 (IH, dd, 3%),- 2.11 (3H, s, CH3) ) 

The 5 '-Acetate of BCH-185f 27 (140 mg. 0.5 2 mmol) 
was dissolved in anhydrous methanol (10 ml) , and to it was 
added sodi\im methoxide (110 mg, 2.*. mmol) in one portion. 

10 The mixture was stirred at room te^erature xmtil the 
hydrolysis was complete. The hydrsiLysis took about 1 
hour, and the reaction was followei by TLC. Upon 
completion, the mixture was then cmcentrated, and the 
residue taken up with ethanol (2 m|) . The ethanol 

15 solution was subjected to column chromatography using 

ethyl acetate first, then 2 0% ethaaol in EtOAc to afford a 
white foam (110 mg, 92%) , which eaSibited an NMR spectrum 
identical to that of authentic BCH-ia9, 14 . 
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WHAT IS CLAIMED E r 

1. A methai of preparing the 6-isomer of m 

antiviral nucleoside analog comprising the steps of ; 
5 (a) re&icing a lactone having the foaxila: 




10 

wherein R is a protecting group, to ftmt a 
carboxylate, said csurboxy late having the formulae 




wherein R' is an acyl group; 
20 (b) canpling said carboxylate with asilyated 

pyrimidine base n the presence of an effective amount of 
SnCli to form the 6-isomer of a 5 • substituted 2*^3*- 
dideoxy-3 ' -thia- nucleoside ; and 

(c) r^lacing said protecting group from the 
25 5' position of saM nucleoside with a hydrogen t) form 
said antiviral nucleoside analog. 

2. The method of Claim 1, wherein said prztecting 

group is selected from the group consisting essartially of 
30 alkyl, silyl, andacyl. 
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3. The method of Claia 1, wherein said silyared 
pyrimidine base has the fornELa: 

1 

wherein X is sele<£ed from the group consisting 
essentially of trialkysilyl«y, and trialkylsilylamino ; 

10 wherein Y is selected from the group consisting 

essentially of hydrogen, meSyl, halo, alkyl, alkenyl, 
alkynyl, hydroxyalkyl , carbacyalkyl , thioalkyl , 
selenoalkyl, phenyl, cycloalfcyl*, cycloalkenyl, thioaryl , 
and selenoaryl; and 

15 wherein Z is a traUcylsilyl group. 

4. The method of Clam 1, wherein said antiviral 
nucleoside analog is BCH-lsa 

20 5. The method of Class 1, wherein said antiviral 

nucleoside analog comprises ^le formula: 



25 




30 

wherein Y is selexted. from the group consisting 
essentially of halo, alkyl , aikenyl , alkynyl, 
hydroxyalkyl, carboxyalkyl , thioalkyl, selenoalkyl, 
phenyl, cycloalkyl, cycloaltens-l, thioaryl, and 
35 selenoaryl. 
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6- The method of Claim 1, wherein said antiviral 

nucleoside analog compsises the formula: 



15 



25 



HOT o I 



wherein Y is selected from the group consisting 
essentially of hydrogen halo, alkyl , alkenyl , alkynyl, 
hydroxyalkyl, carboxyaSyl, thioalkyl , selenoalkyl, 
phenyl, cycloalkyl, cyiiaalkenyl , thioaryl , and 
selenoaryl. 



"7- The method ox Claim 1, wherein said antiviral 

nucleoside analog compiises the formula: 



NH, 



2 0 ^tr^^' 



HO-1 I 



^' The method of Claim 1, wherein said antiviral 

nucleoside analog compiles the formula: 




wo 9 1 / 1 1 1 86 PCX/ 1 /00685 

25 

9. The nettiod of Claim 1, further comprising the 

steps prior to (a) of: 

(1) ozonizing a compound having the formula 
CHjCHCHjOR to &nn a glycoaldehyde having the formula 

5 OHCCH2OR, wherein R is selected from the group consisting 
essentially ofalkyl, silyl, and acyl; and 

(2) adding an effective amount of thioglycolic 
acid to said ^ycoaldehyde to form said lactone. 

10 10. The aethod of Claim 1, wherein said reduction of 

said lactone k accomplished by addition of a reducing 
agent followed by addition of an effective amount of a 
carboxylic anl^dride. 

15 11. The method of Claim 10, wherein said reducing 

agent is selecrad from the group consisting essentially of 
DIBAL-H, RED-M>. and NaBH^ . 

12. The aethod of Claim 1, wherein said replacement 

2 0 of said protecting group is accomplished by addition of an 
effective amonrt of (n-C4H9)^NF. 

13. The aethod of Claim 1, wherein said replacement 
of said protec&dng group is accomplished by addition of an 

2 5 effective amomt of sodium methoxide. 

14 . A mefetiod of preparing an enantiomerically- 

enriched 6-ismcer of an antiviral nucleoside analog 
comprising the steps of: 

3 0 (a) adding an effective amount of a 

stereoselectim enzyme to a lactone having the formula : 



35 
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wherein R is an acyl protectfng group, to form 
enantiomerically-enriched 2-hydroxyTnetayl-5-oxo-l , 3- 
oxathialane ; 

(b) reducing said enantiomerically-enriched 2- 
5 hydroxymethyl-S-oxo-l, 3-oxathiolane to farm an 

enantiomerically-enriched 2-acyloxymet3yl-5-acyloxy-l , 3- 
oxathiolane ; 

(c) coupling said enantioiHErically-enriched 2- 
acyloxymethyl-5-acyloxy-l, 3-oxathiolartt with a silyated 

10 pyrimidine base in the presence of an effective amount of 
SnCl^ to form the B-isomer of a 2 • , 3 ' -adeoxy-5 ' - 
acyloxymethyl-3 ' -thia-nucleoside ; and 

(d) replacing the 5 • -acyloxraiethyl substituent 
of said nucleoside with a hydroxymethyl substituent to 

15 form said antiviral nucleoside analog. 

1^- The method of Claim 14, whersLrt said silyated 

pyrimidine base has the formula: 



20 



25 



X 



wherein X is selected from tie group consisting 
essentially of trialkylsilyloxy and tr^JJcylsilyl amino ; 

wherein Y is selected from tie group consisting 
essentially of hydrogen, methyl, halo,aUcyl, alkenyl, 
30 alkynyl, hydroxyalkyl , carboxyalkyl , ttfaalkyl, 

selenoalkyl, phenyl, cycloalkyl, cycloaEfcenyl , thioaryl , 
and selenoaryl; and 

wherein Z is a trialkylsilyl g^ixsup. 

35 16. The method of Claim 14, wherem said antiviral 

nucleoside analog is BCH-189. 
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21 



^ of Claim 14, ^- 
.Xeoside analog comprise 



ess 



is selects'^ 



wherein V 
entially of nalo 

nydroxyalKyl, ^cloalKeny 
paenyl, cycloalXyl , 
selenoaryl- 



18. 

nucleos 



The 



Ttvethod 



of Claim 



ide 



analog comprises 



HO 



o 



25 



sele 



30 



wnerein V is 
^laliy ot hydrogen, 

' cycloalKyl, cycloa 
selenoaryl- 



nydroxyaixyl 
phenyl 
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The method of Claim 22, wh 
group is selected from the gron^ con 
alkyl, silyl, and acyl . 

^ Enantiomerically-enrEched ' 

1 , 3-oxathiolane . 

38. Enantiomericaaiy-enriched 2 

acyloxy-l, 3-oxathiolai;4. 

3^ • Enantiomentcally-enris^ed 
acetoxy-l , 3 -oxathio/ane , 

40. A method! of preparing the i: 

15 substituted nucls/oside comprisiag the 
carboxylate having the formula: 



R-O 




merein R is a protecting g 
S /wherein R • is an acyl t^oup 

pyrimidinfe base in the presence f an 
SnCl4 to/form the B-isomer of a 3E» sut 
dideoxy/3 '-thia- nucleoside. 

^ "^1- The method of Claim 4I», whe; 

group is selected from the group consi 
alkyl, silyl, and acyl. 
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36. The inathod of clain. 32, wherein said jrotectina 

group selected fror. the .roup consisting essLiallJ If 
alkyl, silyi, and acyl. ^laiiy of 

37 Enantiomerically-enriched 2-hydroxy^et3^1-5-oxo- 

1/ 3-oxathiolanG. 

38- Enantiomerically-enriched S-acyloxymetayl-s- 

acyloxy-i,3-oxathiolane. 

Enantiomerically-enriched 2-acetoxymet^l-5- 
-1,3 -oxathiolane . 



39. 
acetoxy 



40. 



A method of preparing the 6-isomer of a 
substituted nucleoside comprising the step coupli,^ a 
carboxylate having the formula- ^ 



R-O ^ 

S 



Wherein R is a protecting group; and 

Snci, to form the 6-isomer of a 5 • substituted 2'^- 
dideoxy-3 '-thia- nucleoside. 



41 . 



The method of Claim 40, wherein said protecting 
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42. The method of Claim 40, wherein said silyated 

pyrimidine base has the formula: 



ZO'^N 



10 

wherein X is selected from the group consisting 
essentially of trialkylsilyloxy and trialkylsilylamino ; 

wherein Y is selected from the group consisting 
essentially of hydrogen, methyl, halo, alkyl, alkenyl , 
15 alkynyl, hydroxyalkyl , carboxyalkyl , thioalkyl, 

selenoalkyl, phenyl, cycloalkyl, cycloalkenyl , thioaryl, 
and selenoaryl; and 

wherein Z is a trialkylsilyl group. 

20 43. A substituted nucleoside having the formula: 



25 




wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl ; and 
3 0 wherein Y is selected from the group consisting 

essentially of alkyl, alkenyl, alkynyl, hydroxyalkyl, 
carboxyalkyl, thioalkyl, selenoalkyl, phenyl, cycloalkyl, 
cycloalkenyl, thioaryl , and selenoaryl. 
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A substituted nucleoside having the formula: 




O 



5 



HO 



wherein R is selected from the group consisting 
10 essentially of alkyl , silyl, and acyl ; and 

wherein Y is selected from the group consisting 
essentially of alkyl, alkenyl, alkynyl , hydroxyalkyl , 
carboxyalkyl, thioalkyl, selenoalkyl, phenyl, cycloalkyl, 
cycloalkenyl, thioaryl, and selenoaryl. 



15 



45 . 



A substituted nucleoside having the formula: 




NH 



20 



wherein R is selected from the group consisting 
25 essentially of alkyl , silyl, and acyl; and 

wherein Y is a hydrogen. 



46. 



A substituted nucleoside having the formula: 



30 



35 




1 
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wherein R is selected from the group consisting 
essentially of alkyl , silyl, and acyl ; and 
wherein Y is a hydrogen. 

5 47. A substituted nucleoside having the formula: 



NH2 

wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl; and 
15 wherein Y is selected from the group consisting 

of chloro, bromo, fluoro, and iodo. 

48. A substituted nucleoside having the formula: 

20 u P 



25 



wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group consisting 
of chloro, bromo ; fluoro, and iodo. 

30 

49. A substituted nucleoside having the formula: 
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wherein R is selected from the group consisting 
essentially of alkyl , silyl, and acyl ; and 
wherein Y is a methyl group. 

5 

50. A substituted nucleoside having the formula: 



RO- O^N-^ 



15 wherein R is selected from the group consisting 

essentially of alkyl , silyl, and acyl; and 
wherein Y is a methyl group. 

51. An enantiomerically-enriched substituted 

20 nucleoside having the formula: 



25 




wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl; and 
30 wherein Y is selected from the group consisting 

essentially of alkyl, alkenyl, alkynyl, hydroxyalkyl , 
carboxyalkyl, thioalkyl, selenoalkyl, phenyl, cycloalkyl, 
cycloalkenyl , thioaryl, and selenoaryl. 



35 
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52. An enantiomerically-enriched substituted 

nucleoside having the formula: 




10 wherein R is selected from the group consisting 

essentially of alkyl , silyl, and acyl ; and 

wherein Y is selected from the group consisting 
essentially of alkyl, alkenyl, alkynyl , hydroxyalkyl , 
carboxyalkyl , thioalkyl, selenoalkyl, phenyl, cycloalkyl , 

15 cycloalkenyl , thioaryl, and selenoaryl. 

53. An enantiomerically-enriched substituted 

nucleoside having the formula: 




wherein R is selected* from the group consisting 
essentially of alkyl, silyl, and acyl; and 
wherein Y is a hydrogen. 

30 

54 . An enantiomerically-enriched substituted 

nucleoside having the formula: 



35 
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5 



10 



wherein R is selected from the group consisting 
essentially of alkyl , silyl, and acyl ; and 
wherein Y is a hydrogen. 

55. An enantiomerically-enriched substituted 

nucleoside having the formula: 

NH2 

wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group consisting 
essentially of chloro, bromo, fluoro, and iodo. 

2 0 56. An enantiomerically-enriched substituted 

nucleoside having the formula: 



15 



o 

25 ^ 



wherein R is selected from the group consisting 
3 0 essentially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group consisting 
essentially of chloro, bromo, fluoro, and iodo. 
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57. An enantiossrically-enriched substituted 

nucleoside having the formula: 



10 

wherein R ss selected from the group consistin^i 
essentially of alkyl, silyl, and acyl ; and 
wherein Y & a methyl group. 

15 58. An enanticaerically-enriched substituted 

nucleoside having the formula: 

O 

Y 



20 



wherein R selected from the group consisting^ 
25 essentially of alkyl„ silyl , and acyl; and 

wherein Y ^ a methyl group. 

59. A compound of the formula: 



30 



C N 



HO 

35 
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60. A compound of the formula: 



5 




wherein Y is selected from the group consisting 
10 of chloro, bromo, flouro, and iodo. 

61. A compound of the formula: 



15 




wherein Y is selected from the group consisting 
essentially of alkyl, alkenyl, alkynyl , hydroxyalkyl , 
carboxyalkyl, thioalkyl, selenoalkyl, phenyl, cycloalkyl, 
cycloalkenyl, thioaryl, and selenoaryl. 

S2. A compound of the formula: 




35 
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63. A compound of the formula: 



O 

Y 



wherein Y is selected from the group consisting 
10 of chloro, bromo, flouro, and iodo. 

64. A compound of the formula: 

O 

15 -..^^Y 



HO- O N 



20 wherein Y is selected from the group consisting 

essentially of alkyl, alkenyl, alkynyl , hydroxyalkyl , 
carboxyalkyl , thioalkyl, selenoalkyl, phenyl, cycloalkyl, 
cycloalkenyl , thioaryl, and selenoaryl. 

25 65. A compound of the formula: 



HO-1 ° N" 
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66. An enantiomerically-enriched compound of the 

formula : 



10 



67 . 

formula 



HO 



An enantiomerically-enriched compound of the 



15 



20 



HO-, 0*^N 



wherein Y is selected from the group consisting 
of chloro, bromo, flouro, and iodo. 

68. An enantiomerically-enriched compound of the 

25 formula: 



30 



tt 



HO-1 O'^N 



wherein Y is selected from the group consisting 
essentially of alkyl, alkenyl, alkynyl, hydroxyalkyl , 
3 5 carboxyalkyl , thioalkyl, selenoalkyl, phenyl, cycloalkyl , 
cycloalkenyl , thioaryl, and selenoaryl . 
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69 . An enantiomerically-enriched compound of the 

formula : 



o 

A. 

10 

70. An enantiomerially-enriched compound of the 

formula : 

O 

15 '^"^ 



HO- O N 



20 wherein Y is selected from the group consisting 

of chloro, bromo, flouro, and iodo. 

71. An enantiomerically-enriched compound of the 

formula : 

25 

o 

Y 



HO 

30 



wherein Y is selected from the group consisting 
essentially of alkyl , alkenyl , alkynyl, hydroxyalkyl , 
carboxyalkyl , thioalkyl, selenoalkyl, phenyl, cycloalkyl, 
3 5 cycloalkenyl , thioaryl , and selenoaryl. 
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72. An enantiomerically-enriched compound of the 

formula : 




10 



^ -1 , • 
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Figure 1 
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Figure 2 
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11 
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Figure 3 
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1*7 . The method of Claim 14, wherein said antiviral 

nucleoside analog comprises the formula: 



10 

wherein Y is selected from the group consisting 
essentially of halo, alkyl, alkenyl , alkynyl, 
hydroxyalkyl , carboxyalkyl , thioalkyl, selenoalkyl, 
phenyl, cycloalkyl, cycloalkenyl, thioaryl, and 
15 selenoaryl. 

The method of Claim 14, wherein said antiviral 
nucleoside analog comprises the formula: 

20 

O 



25 



wherein Y is selected from the group consisting 
essentially of hydrogen, halo, alkyl, alkenyl, alkynyl , 
hydroxyalkyl, carboxyalkyl, thioalkyl, selenoalkyl, 
3 0 phenyl, cycloalkyl, cycloalkenyl, thioaryl, and 
selenoaryl . 
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^9. The method of Claim 14, wherein said antiviral 

nucleoside analog comprises the formula: 



10 



15 



20. The method of Claim 14, wherein said antiviral 

nucleoside analog comprises the formula: 

O 



O N 

20 21. The method of Claim 14, further comprising the 

steps prior to (a) of: . 

, (1).' .ozonizing a compound having the formula 
CH2CHCH2OR to form a glycoaldehyde having the formula 
OHCCH2OR, wherein R is is an acyl group; and 

(2) adding an effective amount of thioglycolic 
acid to said glycoaldehyde to form said lactone. 

22. The method of Claim 14, wherein said reduction 
of said lactone is accomplished by addition of a reducing 

3 0 agent followed by addition of an effective amount of a 
carboxylic anhydride. 

23. The method of Claim 22, wherein said reducing 
agent is selected from the group consisting essentially of 

3 5 DIBAL-H, RED-AL, and NaBH^. 
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24. The method of Claim 14, wherein said 
stereoselective enzyme is selected from the group 
consisting of pig liver esterase, porcine pancreatic 
lipase, and subtilisin. 

5 

25. The method of Claim 14, wherein said replacement 
*of said protecting group is accomplished by addition of an 
effective amount of sodium methoxide. 

10 26. A method of preparing a carboxylate having the 

formula : 



15 




wherein R is a protecting group; and 
wherein R* is an acyl group, comprising the 

2 0 steps of : 

(a) ozonizing a compound having the formula 
CH2CHCH2OR to form a glycoaldehyde having the formula 
OHCCH2OR, wherein R is a protecting group; 

(b) adding an effective amount of thioglycolic 
25 acid to said glycoaldehyde to form a lactone having the 

formula: 



30 




; and 

(c) reducing said lactone to form said 
35 carboxylate. 
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27. . The method of Claim 26, wherein said reduction 
of said lactone is accomplished by a addition of a 
reducing agent followed by addition of an effective amount 
of a carboxylic anhydride. 

5 

28. The method of Claim 26, wherein said reducing 
agent is selected from the group consisting essentially of 
DIBAL-H, RED-AL, and NaBH^. 

10 29. The method of Claim 26, wherein said protecting 

group is selected from the group consisting essentially of 
alkyl, silyl, and acyl . 

30. A carboxylate having the formula: 

15 




S 

20 wherein R is selected from the group consisting 

essentially of alkyl, silyl, and acyl; and 
wherein R' is an acyl group. 

31. An acetate having the foirmula: 

25 



30 




wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl. 

32. A method of preparing enatiomerically-enriched 

35 2-acyloxymethyl-5-acyloxy-l,3-oxathiolane comprising the 
steps of: 
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(a) ozonizing a compound, having the formula 
CHjCHCHsOR to form a glycoaldehyde having the formula 
OHCCH2OR, wherein R is a protecting group; 

^(b) adding an effective amount of thioglycolic 
5 acid to said glycoaldehyde to form a lactone having the 
formula: 



10 




; and 

(c) adding an effective amount of a 
15 stereoselective enzyme to said lactone to form 

enantiomerically-enriched 2-hydroxymethyl-5-oxo-l , 3- 
oxathialane; and 

(d) reducing said enantiomerically-enriched 2- 
hydroxymethyl-5-oxo-l,3-oxathiolane to form 

20 enantiomerically-enriched 2-acyloxymethyl-5-acyloxy-l , 3- 
oxathiolarie. 



33. The method of Claim 32, wherein said reduction 

of said enantiomerically-enriched 2-butyryloxymethyl-5- 
25 0x0-1, 3-oxathiolane is accomplished by a addition of a 

reducing agent followed by addition of an effective amount 
of a carboxylic anhydride. 



34. The method of Claim 32, wherein said reducing 

3 0 agent is selected from the group consisting essentially of 
DIBAL-H, RED-AL, and NaBH^. 

*■ 

35. The method of Claim 32, wherein said 
stereoselective enzyme is selected from the group 

3 5 consisting of pig liver esterase, porcine pancreatic 
lipase, and subtilisin. 
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